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1 Introduction On average, oil palm fruit yields are much lower in smallholders’ plantations compared to industrial ones (e.g. half of the industrial ones in Indonesia). Various studies have investigated the underlying reasons and some drivers are commonly recognised (e.g. the influence of planting material and more generally of what is defined as “good practices”). However, there is still a lack of a comprehensive and systemic diagnosis of the actual limiting factors in the field across the high diversity of smallholders. Notably, there is too little evidence on how the field implementation of RSPO P&Cs can contribute to improve smallholders’ yields.  The overall goal of this project is to contribute to the analysis of yield limiting factors in smallholders’ plantations in Indonesia in order to identify rooms for improvement and make recommendations to enhance oil palm smallholders’ yields (ESY). Due to the project frame limitations, we targeted different smallholders’ groups in Sumatra with a specific focus on comparing RSPO-certified as well as non RSPO-certified ones in order to identify potential mainstream limiting factors across types and adapt recommendations. These groups encompass both independent and plasma smallholders as this specific status greatly influences both the management practices per se (due to the proximity to industrial actors in the case of plasma or contracted smallholders) and the opportunities to get RSPO certified through group certification or not. The focus is on the plantation stage (i.e. farm gate) without further assessment of the impact of the transformation stage on the final palm oil yield. Besides, despite the focus on yields as the main output variable, attention will be paid to further environmental and socio-economic output variables that should be considered in order to document potential trade-offs in yield improvement strategies (e.g. increase in potential pollutions and costs). The project sub-objectives can be summarised as following: 1. To carry out a diagnosis of RSPO P&Cs field impacts towards reducing the yield gap in oil palm plantations of smallholders in Indonesia 2. To identify improvement rooms for smallholders’ practices and plantations’ performances to improve P&Cs. 3. To contribute to provide recommendations to improve RSPO P&Cs. 
1 Background context and methodological approach 
1.1 Introduction on oil palm smallholders in Indonesia Palm oil smallholders are defined as farmers with less than 50 ha of oil palm land ownership according to RSPO definition (RSPO, 2020). Compared to the large industrial plantations, the size factor surely discriminates smallholders from industries. However, the size actually results from the history and context of oil palm development and there exists a great diversity in histories and resulting palm managements among Indonesian smallholders.  Smallholders are the most recently developed oil palm producer group in Indonesia. With an exponential growth, the oil palm smallholdings has reached more than 40% of the total Indonesian oil palm plantations (Chalil & Barus, 2020). Oil palm smallholdings were first developed in the 1980s under the supervision of state and private companies. Smallholders that build partnerships with state or private companies are known as schemed smallholders, or plasma smallholders when this partnership was established within NES (Nucleus-Estate Scheme) programmes. Tempted by the high income received by the schemed group, some smallholders started to develop their plantation 
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without any supervision from companies. Since 2005, in Indonesia, the number of new plantations by independent smallholders has exceeded that of supervised smallholders (Euler et al., 2016b). Some of the partnerships aim to improve the agricultural and management practices of smallholders notably through certifications such as RSPO. However, among 2,618,127 oil palm smallholders in Indonesia only 2,777 have been RSPO certified so far (RSPO, 2019; Directorate General of Estate Crops, 2019). This stems from the baseline conditions of the smallholders that appear to be far below the standard required in the certification P&Cs. In general, the gap between the target indicators of the certification and the existing conditions and management practices is still quite large. Based on RSPO P&Cs for smallholders, on average, the agricultural practices of independent smallholders only fulfilled less than 30% of the required indicators, and those of schemed smallholders less than 40% (Chalil and Barus, 2012; Chalil et al., 2019). Several authors have highlighted that smallholders’ oil palm management is generally sub-optimal and that potential yields are not reached (Euler et al., 2016a; Woittiez et al., 2017; Jelsma et al., 2019). In a study covering four main production area, accounting for 50% of the Indonesian total production, authors highlighted the lack of selected planting material and the sub-optimal use of fertilizers, both resulting in highly variable yields with an rough average of 16 tFFB/ha.yr, i.e., 70% of the potential (Chalil et al., 2019).  It was found, in the field, that RSPO certification could have several positive impacts towards better smallholders’ performances, including improving administration, purchasing inputs into groups, selling more continuously, improving road quality, and improving crop quality. However, some aspects did not much evolve, especially those related to environmental responsibility despite a growing awareness (Chalil and Barus, 2012; Chalil et al., 2019). This study aims at contributing to understand if and how the RSPO certification can affect positively oil palm production by smallholders in Indonesia. 
1.2 Methodological approach Enhancing yields is not straightforward. Yields result from complex site- and time-specific interactions within the agroecosystem. The oil palm stand nutritional status can be assessed as a proxy for potential yields but need to be considered within the web of all potential yield-limiting factors. Many drivers are involved in the overall performances of an oil palm plantation and can act as yield limiting factors (Figure 1).  Hence, the pathways between plantation management-nutritional status-yield must be assessed in light of all other drivers. Moreover, attention must be paid to the need of several-year data sets to account for links between management practices and outputs due to some delay in potential effects related to the ecophysiology of perennial crops. Choices made at the very beginning of the plantation may also have long lasted impacts; the planting material in particular defines inherent production potentials that affect the whole crop cycle performances. This implies that data for the immature stage of plantations must be recorded, as far as possible, even if the plantation is “old” at the time of the survey. It proved to be challenging with smallholders as they tend not to keep exhaustive records. 
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 Due to the limited duration of the study, we did not carry out a full yield gap analysis. We restricted the span of tested drivers. In particular, we only focused on the RSPO P&Cs as an external driver, since the primary aim is to assess the impact of RSPO on smallholders’ practices and performances. We also limited the investigation of internal drivers to qualitative information on the “knowledge level” of smallholders, both in terms of educational level and specific training related to oil palm. More details on the biotic/abiotic drivers and surveys on management practices are given in the following sections. 
1.3 Field-survey areas and data collection 
1.3.1 Surveyed areas The data collection took place in several areas on Sumatra Island, in order to come across the different cases of plasma/independent and RSPO certified/non-certified smallholders. Indeed, the type of smallholders present in an area is very dependent on the history and context of palm oil development. The presence of industrial companies and mills in a district relates to both centralised and decentralised governmental decisions, economic history, etc. In the past, governmental programmes also led to population migration towards Sumatra to develop agricultural activities such as oil palm. The trajectories of the various oil palm actors hence evolved differently across time and space, with Sumatra Island being the first one where palm oil boom took place. We chose Sumatra precisely due to its long oil palm history, which makes it possible to find different kind of smallholders more or less 
Figure 1: Main drivers in oil palm yield limiting factors. 
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involved with industrial companies and more or less aware of RSPO, both facts being often quite connected. For the ESY project, data were surveyed across seven sub-districts (kecamatan): Bandar Masilam in North Sumatra Province, Pangkalan Kerinci, Kerinci Kanan, Pangkalan Kuras, and Ukui in Riau Province, and Tungkal Jaya and Sungai Lilin in South Sumatra Province (Figure 2).   
 
Figure 2: Surveyed sub-districts in Sumatra. Map from Google Earth  
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The pedo-climatic conditions may vary sensibly across those areas. Hence, there might be a bias in comparing the performances of the various smallholders’ plots without accounting for site-effects. This factor is discussed further in the results section. A more extensive study would be needed in order to increase the sample size and model the site-effects properly. In order to limit the bias related to abiotic factors that could not be exhaustively investigated, we limited the surveys to plantations on mineral soil only (no peat soil) and in flat areas (< 2% ondulating area) to avoid differentiations in practices due to topographic constraints. 
1.3.2 Data collection A surveyor team of 11 Indonesian students, coordinated by Dr. Diana Chalil and Riantri Barus, gathered data from the field during two survey campaigns in Spring and Fall 2019. We aimed at a good balance in quantitative and qualitative data. Given the difficulty in collecting exhaustive quantitative data on management practices over several years, effort was put on key data, e.g., yield and fertiliser inputs. Those data were recorded for three consequent years, 2016-2018. When available, data on management practices during the immature stage were also gathered. Further quantitative data were collected notably to disaggregate better the components of the final yield, e.g. number of producing palm trees, number of fresh fruit bunches (FFB) harvested per tree per year, etc. Those disaggregated data were used to cross-check key outputs, notably the yields. The draft survey template is presented in appendix. 
1.3.3 Sample description In total, we collected datasets for 246 smallholders, 11 women and 235 men, with a mean age across the individuals of 49 years old (Figure 3). The households consist on average of 4 people (±1), with a minimum of 1 person and a maximum of 8 people. Overall, only 1 person (±1) works in the oil palm plantations on average (min. = 1; max. = 5). On average, the workload for the household is about 40% (people working in the oil palm/total people in the household) but this occupation is not full time.  
 
Figure 3: Age distribution according to years of birth of the smallholders In the sample, we covered three main categories of smallholders:  
• The plasma smallholders are schemed smallholders whose plantations were established by an industrial company as part of a Nucleus-Estate Scheme (NES): in these cases, the management practices are usually quite close to that of the partner industries; 
• The smallholders who have a contractual partnership with an industrial company. The contract usually concerns the obligation for the smallholders to deliver his.her fresh fruit 
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bunches to the partner industry’s mill. In exchange, the industry provide extension service and/or access to quality inputs. Such contract does not necessarily mean that the industry has established the plantations at first like in the plasma cases; it might however have in some cases of subsequent replanting for instances; 
• The independent smallholders who manage their plantations and the selling of their fruits by themselves without any contractual obligation nor systematic help from external actors. On the ground, an individual smallholder may actually own several oil palm plots, which he/she may have acquired through plasma schemes or independently. In Sumatra, in provinces where palm oil plantations started to expand a few decades ago, opportunities to get a plasma plot, then to add an independent one, or vice versa, are more likely than in other places. However, in the sample studied here, the great majority of interviewed smallholders had only one plot recorded; exception was for 5 smallholders whose both plots were recorded as separate individuals. Smallholders could be further disaggregated and investigated through more categories, e.g. depending on the involvement in cooperatives, to the harmonised management (or not) of several plots developed through various partnerships, etc. We could not aim to investigate all potential situations and combinations. Due to the limited study scope, the survey could not span more areas in order to gather more individual datasets per sub-category. We launched a second survey campaign in Fall 2019 in order to gather data on RSPO-certified independent smallholders, which led the team up to North Sumatra as certified independent smallholders are not yet numerous and not widespread across the country. Unfortunately, we could not conduct further surveys in order, for instance, to gather data on non-certified plasma smallholders (Table 1). Hence, for investigating the potential impacts of RSPO certification, we conducted a three-step approach for the data analysis: 1. We first compared all together the RSPO-certified smallholders (n = 143) versus those non-certified (n = 103) no matter the category; 2. We then had a closer look at the comparison between plasma and contracted smallholders who are RSPO-certified (n = 101) versus those non-certified (n =22). In terms of practices and performances, we approximated that plasma and contracted smallholders could be grouped together due to the technical assistance provided by the industry.  3. We finally also compared only independent smallholders being RSPO-certified (n = 42) versus those non-certified (n = 81) 
Table 1: Surveyed smallholders per location, category, and RSPO certification commitment or not 
 Surveyed plasma 
smallholders 
Surveyed contracted 
smallholders 
Surveyed independent 
smallholders 
Total 
Provinces Sub-districts RSPO 
certified 
Non-
certified 
RSPO 
certified 
Non-
certified 
RSPO 
certified 
Non-
certified 
 
North 
Sumatra 
Bandar Masilam - - - - 12 - 12 
Riau Pangkalan Kerinci 10 - - - - 3 13 
Kerinci Kanan 41 - - 22 - 27 90 
Pangkalan Kuras - - - - - 1 1 
Ukui - - - - 30 - 30 
South 
Sumatra 
Tungkal Jaya 50 - - - - 4 54 
Sungai Lilin - - - - - 46 46 
 Total  101 0 0 22 42 81 246 
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2 Results 
2.1 What are the profiles of RSPO-certified and non-certified smallholders? 
2.1.1 Human and social capitals Many individual parameters may affect the practices in oil palm plantations and subsequent performances. The family history, the size of the household, the knowledge level, financial means, etc. Within this study, we gathered main information on the household structure and the knowledge level. However, we could not gather detailed information on the personal history of the family and the detailed systems of activities and socio-economic conditions of the household. We here focus on the educational level and further specific training in oil palm cultivation. When comparing the educational levels among certified or non-certified smallholders, there was clearly no difference (Figure 4). One third of the population sample made it through primary school, a bit less until junior high school (12-15 years old) and similarly to senior high school (16-19 years old). Very few had a degree or a diploma, very few were uneducated. The educational level was consistent when looking at the global sample. As there was no significant different in age distribution within the two groups, the educational level seemed to go along with generational and rural educational levels. In these conditions, it did not seem that the educational level had an influence on the choice to commit to RSPO certification or not.  
   
 
 
 
 
Figure 4: Educational level across all RSPO-certified smallholders (left) and all non-certified smallholders 
(right) Investigating the differences among contracted or independent smallholders, the three same educational levels, from primary school to senior high school, prevailed. There was no further potential difference related to the certification. On the other hand, when comparing the proportion of the smallholders who were trained in agriculture and more specifically in oil palm cultivation and certification, then the results greatly varied. Among certified smallholders, 93% were already trained versus 19% among non-certified smallholders. Training mostly concerned cultivation techniques (81% of trained people), including, by order of frequency, knowledge on fertilizer management, harvesting, weed control and pest 
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management. Composting was also mentioned once. Formation on certification, also including aspects of work safety, represented 11% of the trained people. Finally, training on both nature conservation and fire control represented each 4% of the trained people. Those training sessions were very likely proposed within the frame of RSPO certification, as high conservation value, issues of land use change and fires are important criteria in RSPO P&Cs. All plasma smallholders within the RSPO-certified sample were trained by the extension services of the industry they are partnered with, which is structural in the case of plasma scheme. Therefore, the large proportion of smallholders trained in the RSPO-certified sample was only partly due the certification itself. It was directly linked to the certification in the case of training sessions dedicated to RSPO certification and P&Cs (19% of trained people) but it was more indirectly linked to certification in the case of more general trainings on cultivation practices that may or may not have been proposed by the partner industry with any link to RSPO certification.  On average, plasma and contracted smallholders who were trained were more numerous than independent smallholders. RSPO-certified independent smallholders were significantly more trained (76%) than those non-certified (12%). In the case of certified independent smallholders, more than 80% of training sessions were directly related to certification, fire control and nature conservation. In these cases, the predominance of trained smallholders within the certified category was clearly a consequence of the RSPO certification. 
2.1.2 Who entered the RSPO certification and why? No matter the category, all RSPO-certified smallholders were certified as part of a farmer group, none as individuals. For plasma smallholders, being part of plasma was very likely the reason why they entered the certification process. The industry that commits to RSPO has a three-year delay to make sure that all fruit suppliers to the mill, including the plasma smallholders, are certified. Therefore, plasma smallholders are usually supported by industries to enter the certification and are more likely to be certified than independent ones. When comparing among certified smallholders, plasma ones globally entered the certification earlier compared to independent ones, notably due to the opportunity or even the obligation provided by the industry, whereas independent smallholders have to manage the whole process by themselves (Figure 5). For the non-certified smallholders, the lack of information or knowledge was the main reason not to enter the certification process (65%), the lack of existing group was the other one (35%). When asking the reason why entering the certification, the great majority of smallholders emphasised on the aim to improve their plot management with the implementation of good agricultural practices (including reducing the herbicide use, good fertiliser management, waste recycling, etc.) (89% of responses). 5% of the responses concerned the improving of fresh fruit bunch (FFB) selling and processing in order to increase the incomes; 5% other concerned the objective to increase knowledge regarding good management practices. Only two answers (~2%) directly focused on the protection of the environment. On the other hand, when asked about the most important criteria of RSPO P&Cs, smallholders largely opted for the environmental sustainability (24%). This might be explained by the fact that some smallholders may recognise the importance of environmental protection within the frame of RSPO but not as being a priority for them to enter the certification process and/or change their practices. Improving economic outputs is another important RSPO criterion (27%), as well as good agricultural practices (26%). Despite this apparent expectation on better incomes, none of the interviewed smallholder had had a better price for selling their FFB thanks to the certification according to their answers. In all cases, they answered that the Government determined the FFB 
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selling price. In fact, the national legislation guaranties a minimum selling price, which does not hamper the smallholders to get a higher price for a better product. When bargaining power is low, buyers commonly stick to the minimum legal price and certification premium barely reach out to the smallholders who provided the FFB, whereas they play a key role in ensuring certification impacts in the field. The motivation to get RSPO-certified were clearly oriented towards improving the crop management, no matter the smallholder category. It should hence have influenced the practices. The date of entry, however, may have introduced a potential bias in observed changes in practices and performances during the surveys in 2019, as the influence of management practices can be delayed by several years in perennial cropping systems.  
 
Figure 5: Frequencies of first entry year in RSPO certification according to the category of smallholders  Among the bottlenecks to implement RSPO P&Cs, the main quoted are “the lack of knowledge”, “the difficulty to apply good practices and change habits”, “the too high requirements in time, human resources and money” to apply the P&Cs and follow the procedure.   
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2.1.3 Physical capitals Oil palm plantations are the only physical asset that we investigated within this study, although many smallholders may grow other crops in other plots. Oil palm plantations are generally established for at least 25 years, with an entry in commercial production after the third year of immature plantation. The high yield globally achieved by oil palm is the result of hybridation and varietal selections that have been taking place for decades. The boom in palm oil production was notably linked to the propagation of the Tenera hybrid due to the thickness of the mesocarp and at the same time its large nuts with thin shell, which yield substantial quantity of kernel oil as well (Figure 6). Tenera oil palm is a winning compromise that yields optimum quantities of palm oil and palm kernel oil. For this reason, it is most commonly planted in commercial oil palm plantations. Besides this historical breakthrough, continuous selection by breeders worldwide is targeting varieties that present tolerance abilities against pests (e.g. against 
Ganoderma in Asia) or stress (e.g. hydric constraints). Because of its very long crop cycle, it is particularly important to plant the right variety of oil palm trees depending on the context. Once planted, the potential performances and risks associated to the choice of the variety are predetermined for the whole crop cycle. The plantations are a key capital that will only marginally be affected by yearly practices in the cases where the initial planting (choice of planting material and establishment) was poorly managed. In the study sample, only 14% of the certified plantations were planted during or after the entry in RSPO certification and they were all plasma plantations. Hence, the establishment of the plantation was mostly independent from the certification. Still when comparing certified versus non-certified smallholders, there was a clear shift in the distribution of selected and non-selected planting material. This bias was due to the context for plasma smallholders (Figure 7).  
 
Figure 7: Proportions of selected and non-selected planting material according to smallholders certified (left) 
and non-certified (right). In the case of plasma smallholders the planting and immature phase are directly managed by the partner industry. The smallholders only take over the management when the plantation enters mature production. Therefore, 100% of plasma plantations were planted by the industry with selected planting material. This explains the high proportion of selected material within the RSPO-certified group where all plasma smallholders from our sample belong. On the contrary, for other contracted and independent smallholders the great majority of plantations were planted with non-selected material; 82% for non-certified contracted smallholders and 73% and 63% for independent 
Figure 6: Tenera oil palm  
= 
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smallholders, RSPO certified and non-certified, respectively. There is no difference within the independent smallholders between RSPO certified or not. The planting of selected material is not an RSPO P&Cs criterion per se. At least, when a plantation already is established, the non-use of selected material is not prohibitive to enter the certification. Nevertheless, it will be potentially more complicated to apply best management practices, notably concerning the reduction of pesticides, in plantations with non-selected varieties and potentially more vulnerable to pest and disease. The planting material is a key parameter when investigating the performances of an oil palm plantations, hence the potential impacts of RSPO as well. In terms of land use change, there was no significant differences between RSPO-certified and non-certified smallholders when considering the full planting period (1982-2017). In particular, there was no less deforestation within the certified group compared to the non-certified one, and no specific difference on that matter between contracted and independent smallholders within the uncertified group. The change from rubber to oil palm was due to the economic context and opportunities at the local scale, which may have varied along the studied period depending on the location (Figure 8).  However, when focusing on the period after the 2005 cut-off of RSPO P&Cs (2005-2017), there was a lower deforestation rate in the certified sample compared to the non-certified one (Figure 9).  
 
 
 
 
 
 
 
Figure 9: Proportions of previous land use types according to smallholders certified (left) and non-certified 
(right) over the planting period from 2005 onwards. 
Figure 8: Proportions of previous land use types according to smallholders certified (left) and non-certified 
(right) over the planting period from 1982 to 2017. 
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Within our sample, 26% of planting occurred in the 2005-2017 period, roughly half of it by independent smallholders. One can assume that the certification may have influenced slightly the reduction in deforestation. However, the period itself also played a key role as replantation after oil palm has commonly occurred in more recent years due to the renewing of old plantations. All plantations already certified at planting were plasma plantations being renewed (14% previously mentioned). In comparison to certified plasma, non-certified contracted smallholders had a much higher proportion of deforestation for planting between 2005 and 2017; i.e. 57% versus 18% for plasma, which is quite similar to the 59% over the complete period.  Among the independent smallholders, certification always occurred after planting, but the overall deforestation rate was lower for certified ones: 10% and 0% of land use changes from forest for the complete period and the 2005-2017 period, respectively. In comparison, such deforestation took place in 41% and 36% of the planting case for non-certified independent smallholders over the two periods.  Despite the delay to finalise the entry in the certification, which is generally long but particularly in the case of independent smallholders due to the whole administrative process and tasks, those smallholders may have paid more attention to the issue of deforestation because of RSPO. On the contrary, non-certified contracted smallholders seem not to be sensitive to deforestation issues despite their proximity to an industrial partner that may have been aware of RSPO. Nevertheless, such indirect influences could not be explored, due to the too narrow samples per category over this period and the numerous other external drivers that may intervene. During the period 2005-2017, in agreement with the land use changes observed, chipping was widespread in certified plantations, both plasma and independent, as it is a common practice for replanting after oil palm, which was the main previous land use in those cases (Figure 10).  Slash and burn took place mostly in non-certified plantations, emphasising a potential influence of RSPO certification, whose P&Cs include the avoidance of the use of slash and burn practices as much as possible. Again, the awareness of the danger of such a practice could be due to RSPO or the following commitment to RSPO could be due to previously existing awareness and motivation. Only independent smallholders use machetes.  
Contracted 
smallholders 
Independent smallholders 
Plasma 
smallholders 
Figure 10: Land clearing techniques used by certified smallholders (left) and non-certified smallholders (right) 
over the 2005-2017 period. 
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All the numerous parameters explored in this section may influence the practices and performances of smallholders’ plantations, as described in the following section. Given the great number of parameters (not even all of them could be explored within this study) and their variability, conclusions on direct impacts of RSPO on practices are not straightforward and embed large uncertainties. We intend, within our sample, not to model robust causal effect but rather to look at tendencies that would be relevant for recommendations on how to improve smallholders’ practices. 
2.2 What are the compared practices and impacts of RSPO-certified versus non-
certified smallholders? 
2.2.1 Compared practices  
2.2.1.1 Planting density and insights on the potential of production Within our sample, there was no significant statistical difference in terms of averaged surface areas and number of producing palm trees per hectare across smallholders’ categories. The overall average surface area was 2±1 ha per smallholder (Table 2). It was also the average surface area for the various smallholders’ categories, although the variation coefficients greatly varied depending on the category. The number of producing palm trees per hectare was slightly lower to the standard in good performing industrial plantations, i.e. 135/ha palm trees, but it was consistent with the initial planting densities and was quite similar across the systems observed for the different smallholders’ categories. Only the difference between RSPO-certified plasma and the contracted smallholders who are not RSPO-certified was significant.  The variation coefficient on the number of dead palm trees was very important. Main causes of palm tree death were, by order of frequency, hit by lightning, Ganoderma and other diseases (e.g. bud rot). 
Ganoderma is a common pest (pathogenic fungus) that is widespread in Indonesia in old plantations. The risk of Ganoderma damage gets higher after one or two cycles of oil palm replanting. There now exist some resistant varieties but those are not yet largely widespread and are not to be found in old plantations (prevalence 7% in the whole sample, 64% when looking at plantations older than 29 years old). In 10% of plantations, some palm trees were also uprooted on purpose either because they were too old, not producing or supernumerary. 
Table 2: Planting density parameters and difference across smallholders' categories 
Smallholders’ 
category 
Mean size of 
palm 
plantation (ha) 
Coefficient of 
variation (CV) 
Mean number 
of producing 
palm trees 
Coefficient of 
variation (CV) 
Mean number 
of dead palm 
trees 
Coefficient of 
variation (CV) 
RSPO-certified 
plasma  
2.1 26% 127a 7% 2 174% 
Non-certified 
contracted 
2.4 81% 121a 10% 1 220% 
RSPO-certified 
independent 
2.1 46% 125 21% 7 184% 
Non-certified 
independent 
2.1 71% 129 14% 5 235% 
RSPO-certified 2.1 33% 127 13% 4 212% 
Non-certified 1.9 76% 127 14% 5 252% 
Total sample 2.0 53% 127 13% 4 234% 
Only significant difference with p-value < 5% 
Coefficient of variation higher than 50% are in italics  
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The size of plantation, planting material and planting density condition the overall production potential within a given context. In the sample, plantation size was on average similar, indicating no critical differences in terms of economy of scale, use of machinery, etc. The planting density and the number of producing trees were also not discriminating. The potential outputs from the compared cropping systems would hence be related to differences in planting material (cf. 3.1.3), the age of plantations and yearly management practices. Concerning the analysis of age effect, we only differentiated between immature (0-3 years old) and mature phases (4-36 years old). Considering the whole cropping system length up to 36 years old in the sample, we had a consistent age distribution with 9% of immature plots and 91% of mature plots. 
2.2.1.2 Management of immature phase Data on management practices were gathered for immature plantations at the time of the survey as well as for mature plantations based on past practices. In total, considering the 3-year span of enquiry, the total records amounted 288 entry datasets (i.e. a set of data for the management of one plot over one year). Practices in plasma plantations were quite different from all others; those were notably the only one to receive kieserite and boron that are micronutrients needed by palm trees in some deficiency contexts (Figure 11). Almost all plasma plantations received nitrogen (99%) and KCl (80%), which are key nutrients for palm trees, although KCl is mostly important when the fruit production starts.  On the contrary, fertiliser practices among the other smallholders’ categories were less systematic, with globally no more than 40% of the individuals applying a given agrochemical (except for TSP in the RSPO-certified independent smallholders’ group). Non-certified smallholders seemed to have close practices, in terms of individuals applying agrochemicals. RSPO-certified independent smallholders were less numerous in applying herbicides compared to all other smallholders. We had a closer look at some key inputs for the sub-samples of smallholders who did apply agrochemicals (Table 3). We did not run any statistical stage at this stage, given the large uncertainties in the sample, since a lot of data were not available concerning the past immature phase of old plantations at the time of the survey. Nevertheless, we can emphasise on some key elements and potential differences. Globally, across certified plasma smallholders, practices were more homogeneous than in other categories, which is in agreement with previous results on the proportions of individuals applying agrochemicals. For TSP, dolomite and glyphosate, the coefficients of variation on the amounts applied were quite low. The application of dolomite is particularly important at planting as it can help to correct soil acidity for the whole duration of the crop cycle. The amount applied needs to be well adapted to the soil context specificities. The glyphosate application rate in the case of plasma smallholders was very low and not variable, showing a great concern to limit such application as much as possible, which is in line with best management practices. Total amounts of all agrochemicals were generally lower in plasma plantations. Such good practices were undoubtedly correlated with good management practices applied in the estates of the industrial RSPO-certified partner that was in charge of handling the planting and the immature phase for the nucleus plasma plantations within the NES.   
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Figure 11: Proportions of individuals applying various agrochemicals during the immature phase depending 
on the smallholders' category  
Table 3: Amounts of agrochemicals applied during the immature phase across smallholders' categories 
Smallholders’ 
category 
Mean 
urea dose 
(kg/ha.yr) 
CV Mean TSP 
dose 
(kg/ha.yr) 
CV Mean KCl 
dose 
(kg/ha.yr)  
 
CV Mean 
dolomite 
dose 
(kg/ha.yr) 
CV Mean 
Roundup* 
dose 
(l/ha.yr) 
CV 
RSPO-certified 
plasma  
119 53% 65 0% 168 70% 121 28% 0.7 0% 
Non-certified 
contracted 
400 0% 154 58% 189 42% 280 72% 2.3 60% 
RSPO-certified 
independent 
186 20% 227 82% 313 78% 295 59% 2.6 52% 
Non-certified 
independent 
250 0% 209 71% 197 101% 354 105% 2.3 65% 
RSPO-certified 122 52% 163 101% 182 77% 143 62% 0.8 71% 
Non-certified 288 26% 194 70% 195 88% 329 97% 2.3 64% 
Total sample 127 54% 174 88% 184 79% 187 101% 1.3 89% 
* Roundup = 480 g/l glyphosate 
Coefficient of variation higher than 50% are in italics 
No statistical test ran  
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RSPO-certified independent smallholders did not have practices closer to that of certified plasma than to those of non-certified contracted or independent smallholders. On average, the coefficients of variation for both categories of independent smallholders were larger than for the other categories, highlighting large variabilities in amounts applied across independent smallholder’s plantations.  In conclusion, the lower amounts of all agrochemicals in RSPO-certified plantations compared to non-certified ones were mostly due to good practices applied in RSPO-certified plasma plantations, whereas the great variability in practices was due to the practices of the RSPO-certified independent smallholders. This large variability in amounts applied by certified independent smallholders was partly reduced by the fact that fewer of them apply chemicals, particularly herbicides. Globally, non-certified smallholders, contracted or independent, had closer practices in terms of both the number of smallholders applying agrochemicals and the amounts applied. They applied on average larger amounts but with large variabilities.  
2.2.1.3 Management of mature phase Considering the 3-year span of enquiry, the total records amounted 672 entry datasets for the mature phase (i.e. a set of data for the management of one plot over one year). In terms of inputs, records were conducted for 15 agrochemicals and manure application. Compared to the immature phase, the number of agrochemicals applied during mature phase was higher. As for the immature phase, some products were only or mostly used in RSPO-certified plasma plantations, such as methyl metsulfuron herbicide, different sources of phosphate (RP, SP) and more frequent use of boron and kieserite (Figure 12).  
 
Figure 12: Proportions of individuals applying various agrochemicals during the mature phase depending on 
the smallholders' category 
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Boron and kieserite are micro-nutrients that are important for palm trees but not as paramount as macro-nutrients such as nitrogen and potassium. Hence, only smallholders who have good knowledge in palm agronomy and access to various inputs can afford those inputs. The partner company, as recorded within the sample, recommended such specific practices. There were also a few products that were only applied by some independent smallholders, i.e. Basmilang that is another commercial product for glyphosate (the most common one being Roundup), triclopyr and NPK. Across the product types, non-certified smallholders, both contracted and independent, tended to be less numerous to apply agro-chemicals.   Overall, there were great discrepancies in the amounts of agrochemicals applied. Doses greatly varied across producers’ categories and within each category. The coefficient of variations were particularly important for the non-certified contracted and independent smallholders across all agrochemicals. Besides, coefficients of variation were particularly important in the case of herbicides, especially glyphosate, which highlighted an important variability in weed control practices.  We focused on some key inputs most widely applied among all producers in order to assess discrepancies in doses applied and further management practices (Table 4).  
Table 4 : Amounts of agrochemicals applied during the mature phase across smallholders' categories 
Small-
holders’ 
category 
Mean 
Roundup  
dose 
(l/ha.yr)  
CV Mean  
Gramoxone 
dose 
(l/ha.yr) 
CV Mean  
urea dose 
(kg/ha.yr)  
CV Mean  ZA 
dose  
(kg/ha.yr)  
CV Mean  KCl 
dose 
(kg/ha.yr) 
CV 
 
Mean  
dolomite 
dose 
(kg/ha.yr) 
CV 
RSPO-
certified 
plasma  
1.6a 52% 4.3 47% 
 
352a 22% NA NA 507a 25% 500 0% 
Non-
certified 
contracted 
2.7a 89% 6.0 93% 297a 66% 280 64% 261a 59% 433 72% 
RSPO-
certified 
independent 
1b 114% 0.7b 16% 175b 40% 804b 22% 804b 24% 458b 15% 
Non-
certified 
independent 
2.8b 82% 4.8b 54% 296b 49% 253b 48% 259b 55% 259b 66% 
RSPO-
certified 
1.4c 70% 1.4c 117% 331c 29% NA NA 595c 34% 481c 11% 
Non-
certified 
2.8c 84% 5.1c 70% 296c 53% 261 53% 260c 57% 330c 77% 
Total sample 1.9 91% 2.5 116% 317 40% 605 51% 509 47% 423 42% 
Pairwise significant differences with p-value < 5% are indicated with a, b, c exponents 
Roundup = 480 g/l glyphosate 
Gramoxone = 200 g/l paraquat 
ZA = ammonium sulphate contains 21% nitrogen 
Urea contains 46% nitrogen 
Coefficient of variation higher than 50% are in italics 
     
 For the products applied in both certified and non-certified plantations (all except ZA in the table), the differences in doses were always significant when comparing all certified smallholders versus all non-certified smallholders. Doses for soil amendments (fertilisers and dolomite) were significantly higher in certified plantations, whereas doses for herbicides were significantly lower in certified plantations compared to non-certified ones. When looking at the nitrogen supplies from both urea and ZA, differences across smallholders’ categories were less significant, with total amounts varying from 162 kg N/ha to 195 kg N/ha. For phosphate fertilisers, amounts applied varied more 
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significantly from 96 kg P2O5/ha to 287 kg P2O5/ha, with a great variation between certified and non-certified independent smallholders having both extreme practices (the lowest rate in non-certified plantations and the highest in certified ones). When comparing pairwise, contracted and independent smallholders, the differences between certified and non-certified were always significant among independent smallholders and only significant for glyphosate and KCl among contracted ones.  
2.2.2 Compared performances of oil palm production systems The dataset for the assessment of plantation performances consisted of 672 data (i.e. a set of data for one plot over one year) providing information on: the harvest frequency; the number of trees and FFB harvested during low and peak seasons; the average weight of FFB and total yields; the occurrence of issues with pest, disease, drought, and flood, as well as information on the sales. Quantitative data showed significant differences across smallholders’ categories regarding the yields and the yield components (Table 5). Yields of certified smallholders, either plasma or independent, were significantly higher than those of non-certified ones, with respective annual means of 23 kgFFB/ha versus 19 kgFFB/ha. These higher yields were the results of various discrepancies in the yield component combinations. In general, performances of certified plasma were higher than for all the other categories across all components. We had previously seen that the number of producing trees was only different between certified and non-certified contracted smallholders. Beyond this difference, the number of trees actually harvested also varied across all categories; the efficiency of the harvest seemed to be higher in both plasma and independent certified plantations, compared to the non-certified ones. Likewise, the average number of bunches (FFB) collected per tree harvested was higher in certified plantations compared to non-certified ones. As shown in Figure 13, the frequency of harvest was not the only important factor in terms of harvest efficiency, since certified independent smallholders tended to harvest more often than plasma ones while reaching lower amounts of harvested trees. Contrarily non-certified independent smallholders tended to follow the same frequency as plasma one, although the latter have on average a higher number of trees harvested. The only clear-cut difference between certified and non-certified smallholders are the proportions of non-certified smallholders who actually did not know about harvest frequency in their plantations (in particular in 13% of the non-certified independent plots). In those plots, one could imagine that harvest monitoring may not be sufficient to reach optimal yields.  The combination of the number of harvested trees, the number of FFB harvested by tree and the mean FFB weight determined the final yields and discrepancies across smallholders. In the sample, there were no critical discrepancies in terms of pest and disease along the three years surveyed. The only two differences were i) more damaging impacts from monkey (in 12% of plantations) and 
Limacodidae (in 8% of plantations) on non-certified contracted smallholders’ yields; and ii) more 
Ganoderma occurrence in 44% of certified independent smallholders, although it did not seem to affect yields. Over the studied period, there were no much damage observed related to drought (88%-100% of interviewed smallholders said “no”), flood (98-100% said “no”) or fertilisers (100% said “no”).   
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Table 5 : Variations in key yield parameters across smallholders’ categories 
Smallholders’ 
category 
Mean 
number of 
trees 
harvested 
* 
CV Mean 
number of 
FFB per tree 
per 
harvest* 
CV Mean 
weight 
of FFB  
(kg)* 
CV Mean 
weight 
of FFB  
(kg)° 
CV Mean yield 
(tFFB/ha.year) 
CV 
RSPO-
certified 
plasma  
53a 27% 1.3a 27% 25a 9% 21a 10% 24a 14% 
Non-certified 
contracted 
40a 46% 
 
1.1a 22% 18a 28% 17a 26% 16a 39% 
RSPO-
certified 
independent 
48 27% 1.3b 18% 19b 20% 18 21% 23b 29% 
Non-certified 
independent 
45 38% 1.1b 19% 21b 21% 18 26% 19b 38% 
RSPO-
certified 
51c 28% 1.3c 25% 23c 16% 20c 15% 23c 19% 
Non-certified 44c 40% 1.1c 19% 21c 23% 18c 26% 19c 39% 
Total sample 48 33% 1.2 25% 22 20% 19 21% 21 30% 
Only significant difference with p-value < 5% 
Coefficient of variation higher than 50% are in italics 
*Over the peak season, September-October (+ November) 
°Over the low season, January-February (+ March) 
 
    
           The coefficients of variation for the yield components were much lower than those for the agrochemical inputs. On the one hand, we could assume some buffer effect at the plantation scale. Indeed, perennial crops with their extended root systems and long-lived organs can search, store, and recycle nutrients to adjust their needs and productions and smooth-out environmental variability. On the other hand, we could also assume that large variations in inputs could lead to excess inputs and potential losses to the environment, which were not assessed here, or to soil resource depletion and potential long-term deficiencies going beyond the studied timeframe.  Discrepancies in yields between certified and non-certified smallholders proceeded from several integrated factors. The planting material and early management phase are determining in defining 
Independent smallholders 
Contracted 
smallholders 
Plasma 
smallholders 
Figure 13: Harvest frequency in plantations of certified smallholders (left) and non-certified smallholders (right) 
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the overall plantation potentials. Certified plasma plantations presented great advantages in that matter independently from the certification, since the proportion of selected planting material was much higher than across the other smallholders’ categories and the immature phase management seemed more homogeneous. However, yields were also influenced by other factors, which were potentially improved thanks to the certification. Indeed, certified independent smallholders had also greater yields than non-certified smallholders, although their plantations were mostly based on non-selected planting material. During the mature phase, inputs in certified plantations seemed better managed. As an example, there was a great discrepancy between certified and non-certified independent smallholders in terms of numbers of smallholders applying KCl (76% certified versus 26% non-certified). KCl is determinant for the fruit production and hence directly affect the final yields. KCl doses were significantly higher in certified plantations versus non-certified ones. On average, higher inputs in certified plantations may have enable a better palm nutrition and greater yields. A more detailed assessment, investigating nutritional status and soil quality would be needed, though, in order to model more precisely the influence of inputs on final yields and the adequacy of practices. Moreover, a qualitative assessment would be necessary in order to define the cut-off between changes in practices directly related to the RSPO certification or not. RSPO P&Cs recommend applying best management practices but do not provide specific thresholds for practices such as fertiliser inputs. Enquiries would aim at investigating direct changes in practices through direct questionnaire and/or comparing practices before and after the certification. It would require large samples in order to find smallholders who could recall practices before and after certification and/or to survey smallholders on the edge to become certified or just got certified. Since doses for soil amendments and herbicides were significantly higher and lower, respectively, in certified plantations compared to non-certified ones, we can make some assumptions on the compared environmental impacts. Toxicity impacts would likely be more important in non-certified plantations, as herbicides end-up in the soil and have a long chemical persistence in the environment. The reduced amounts of herbicides in certified plantations may be influenced by the RSPO certification as it is a clear requirement in P&Cs to reduce herbicide applications as much as possible. The use of methyl metsulfuron as a substitute to paraquat in certified plasma plantations is also likely to be related to the certification, as RSPO requires avoiding, when possible, the use of paraquat, which is very toxic and prohibited in numerous countries, notably in Europe. Regarding fertilisers, the environmental assessment is not as straightforward. Environmental impacts are due to losses to the environment, which depend concomitantly on the doses applied, the application mode and timing, and the adequacy with the needs of the plantations. The risk of losses was lower in non-certified plantations where applied doses were lower. Now, the higher doses in certified plantations may have enabled to meet better the plantation needs, as supposed with the higher yields. Some environmental impacts on a hectare basis could have been higher in certified plantations; those related to the fertiliser production, transport and some unavoidable emissions. Some other environmental impacts on a product output basis may have been lower in certified plantations. A more complete modelling of field emissions and impact assessment would be needed to quantify all potential impacts. When investigating the selling prices, differences between certified and non-certified smallholders were clear: about 1,500 IDR/kgFFB for both categories of certified smallholders versus 1,115 IDR/kgFFB for non-certified ones, i.e. -25% for the latter, and coefficients of variation only slightly varied between 12% and 20% within each category. The difference among independent smallholders was even higher with -27% for the non-certified ones.  
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The higher prices paid for certified FFB was probably mostly related to the type of buyer (Figure 14). RSPO certified smallholders sold their FFB mostly through cooperatives or farmer associations, which provide more equitable prices than other economic actors. Intermediaries such as collector or storekeeper tend to pay lower prices since they need to get an added-value when the re-sell to the mille. In the case of contracted non-certified smallholders who are bounded to the mills by contract, there is no much room for negotiation, which explain the overall lower price received. In the case of independent smallholders, being part of a farmer group is almost unavoidable to get RSPO certified; therefore there is a structural relationship between the RSPO certification and the farmer group, hence the higher price. There might have been, also, an added value for the RSPO-certified FFB paid by some buyers but it was not reported in the sample. Therefore, we cannot clearly conclude on the direct impact of the RSPO certification on the FFB price paid but we can highlight some indirect links. Moreover, despite expectation from some smallholders regarding RSPO certification in terms of product quality, certified independent smallholders had a much longer delay between harvest and delivery to the mill compared to the other smallholders no matter which category (roughly 13 hours compared to 4 hours on average across the other categories).   
 
Figure 14: FFB buyers for certified smallholders (left) and non-certified smallholders (right) 
2.3 How to improve smallholders’ yields? In the study sample, yields in certified plantations were on average close to that of industrial standard which is around 26-28 tFFB/ha per year at maturity. The high and consistent yields in certified plasma plantation were in adequacy with the yields probably reached in the plantations of the industrial partners. The planting material and the immature phase were managed by the industrial partner in both estates and plasma plantations. If the plantation is not well managed in the early stage, it is extremely difficult to reach the maximum potential over the crop cycle. In the case of certified independent smallholders, yields were slightly lower on average than in plasma plantations and the coefficient of variation was higher. This larger variability in yields was probably due to the plantations with non-selected planting material as well as potential more frequent occurrences of Ganoderma damage. In order to improve yields in smallholders’ plantations, it is paramount to promote planting and replanting with good quality and selected planting material. In area, where the Ganoderma risk is high, it is moreover critical to plant varieties that are resistant to Ganoderma. 
Independent smallholders 
Contracted 
smallholders 
Plasma 
smallholders 
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There was significant discrepancies in field inputs across smallholders’ categories. In the sample, certified smallholders seemed to adapt better their practices to the crop needs, looking at key macronutrients and supplementary micronutrients. In order to make sure about the correct types of amendments and doses, more data would be needed, including soil and leaf analyses to identify the needs at several development stages and the risk of soil depletions. There is no turnkey method that could allow to conclude on the improvement room in that matter for the studied sample from desk. However, given the practices and yields recorded, we could conclude on the fact that none of the surveyed plantation was in a very critical state and that the room for improvement regarding inputs was relatively small in the studied sample. In some cases, it seems that the choices of chemicals could be more adapted and some doses reduced. More qualitative data on the motivation for agrochemical choice and application, the origin of product, etc. was part of the original questionnaire but could not been recorded exhaustively. Such information would help to define more clearly the room for improvement in the very specific context of the study. Besides agrochemical inputs, some agroecological practices can help to improve the soil and plant nutritional status. In particular the sowing of legume at planting and the recycling of organic matter can contribute to foster the ecosystem health and in turn the oil palm yields. In the studied sample, only 6% smallholders applied manure in their plantations. There was no much details recorded on the type of manure. The use of organic matter, such as manure, and other alternative agroecological practices should be further assessed in order to quantify its potential influence on yields and make related recommendations.   Finally, yields also depend on the efficiency of the harvest. Harvesting oil palm FFB is very technical and time intensive. Yields might be reduced by a mismanaged harvest while the trees are correctly producing. Among the surveyed smallholders, harvest frequency seemed consistent with two to three harvest campaigns per month. Two harvests per month is the minimum frequency commonly applied across plantations worldwide. In our sample, differences in harvest efficiency seemed to be more related to the actual number of trees harvested per round and the number and weight of FFB harvested. Depending on the context, such parameters can be improved through harvester trainings (if the technics can be improved) and/or by providing incentives to harvest or hire harvesters. Hiring harvesters is expensive and depend on the financial means of the smallholders. If the local market demand is low, the smallholders may not have sufficient investment return to harvest intensively its plantations. In that matter, higher price for RSPO-certified FFB could contribute to provide incentives to harvest completely the plantations and get the most outputs out of them.  
2.4 Study limitations In this study, we investigated the differences among smallholders’ practices and plantation performances in light of potential impacts of the RSPO certification. As detailed in the methodological part, the determinism of plantation performances is multifactorial. The more factors to account for, the larger the sample in order to investigate all potential relationships. Within the framework of the study, limitations in time and funds could not enable to reach sample size large enough to conclude on robust results representative for all Indonesian smallholders. This preliminary study provides some insights on potential key differences among smallholders regarding their practices and plantation performances, while emphasising the potential role of RSPO P&Cs in influencing those practices. The sample limitations are numerous. First, not all categories of smallholders could be fine in the very same pedo-climatic as well as infrastructure and socio-economic contexts. Hence, the practices, 
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performances, and influence of RSPO P&Cs could not be assessed strictly all things equal otherwise. Second, the sub-sample sizes for each category were variable and not sufficient in some cases, notably for non-certified contracted and certified independent smallholders. Additional surveys would be needed to increase individuals in each category and to cover more site-specific variability. No much information on practices beyond doses were finally detailed in the collected data. Some more specific questions were listed in the original questionnaires but not all were answered. Questions addressed, for instance, the localisation of inputs (e.g., in circle around the palm tree, everywhere…), the labour load to apply fertilisers, etc. However, records mostly mentioned only the mainstream practice; details on other practices were not recorded either because the information was not available or due to a lack of time. The questionnaires were quite exhaustive and required long interviews; it was not always possible to keep the smallholders busy as long as necessary nor to visit the plantations to cross-check some information. A complementary study could build on preliminary results in order to design a complementary survey that would aim to both wider the sample size and deepen some questions. This complementary study could also include some field measurements in order to precise the diagnosis and provide specific recommendations to improve practices and yields in plantations with the greatest improvement margins. 
3 Conclusions and recommendations 
3.1 Summary of key results In this study, we investigated and compared detailed practices across various smallholders’ oil palm plantations in Sumatra, Indonesia. In total, we surveyed 246 smallholders and collected 288 and 672 datasets for the management of immature and mature plantations; respectively, and 672 datasets on yield components. We differentiated between smallholders who are independent and those who have partnerships with industries. Indeed, partnerships with an industry usually imply some interventions in the plantations, being very direct such as the planting done by the industry in the case of plasma smallholders or more indirect such as input provisions. On top of this differentiation, we also compared RSPO-certified and non-certified smallholders; leading to four categories of smallholders. In the studied sample, there was no difference across all smallholders’ categories in terms of age distribution and general educational level. On the contrary, the RSPO-certified smallholders were on average more trained to agricultural techniques and palm best management practices (93% trained) than non-certified ones (19% trained). In the case of independent smallholders, the difference was very significant and a direct consequence of the certification; 80% of training sessions were directly related to certification, fire control and nature conservation. The motivations to enter the RSPO certification were clearly oriented towards improving the crop management, no matter the smallholder category. Besides, smallholders expected from RSPO certification to improve their economic incomes and to contribute to the environmental sustainability. Results showed that practices were potentially influenced by RSPO certification as there were significant differences in practices and outcomes between RSPO-certified and non-certified smallholders.  In terms of deforestation between 2005 and 2017, there was a lower deforestation rate among the certified smallholders, partly linked to the certification itself or environmental awareness, partly linked to replanting contexts. In terms of management practices, critical differences during immature phase were mostly related to the good management practices in RSPO-certified plasma plantation, whereas practices across the other categories were highly variable. These good management practices were potentially related with RSPO recommendations as applied in the partnered industrial 
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estates. When focusing on mature phase, practices differed significantly between certified and non-certified smallholders. Doses for soil amendments (fertilisers and dolomite) were significantly higher in certified plantations, whereas doses for herbicides were significantly lower in certified plantations compared to non-certified ones. When comparing pairwise, contracted and independent smallholders, the differences between certified and non-certified were always significant among independent smallholders and only significant for glyphosate and KCl among contracted ones.  As a more or less direct consequence of those practices – keeping in mind the critical influence of the planting material and further contextual influences differentiating plasma from all the other smallholders, as well as the impact delay between practices and yields in perennial cropping systems – yields of certified smallholders, either plasma or independent, were significantly higher than those of non-certified ones, with respective annual means of 23 kgFFB/ha in RSPO-certified plantations 
versus 19 kgFFB/ha in non-certified plantations. Besides higher yields, certified smallholders also tended to get higher prices for their FFB, despite their answers that prices were always fixed by the Government and despite the fact that they did not receive any premium related to the RSPO certification. The sales through cooperatives and farmer associations potentially enabled more bargaining power and higher final prices.  Although some smallholders wanted to enter RSPO certification in order to improve their product quality, in the sample, certified independent smallholders had a much longer delay between harvest and delivery to the mill compared to the others (roughly 13 hours compared to 4 hours on average across the other categories). This delay remains below the 24-hour quality threshold and may be due to the local context of infrastructures but highlights some improvement room in the RSPO P&Cs in order to provide criteria enabling improvement in product quality.  
3.2 Recommendations The impacts of RSPO certification are mostly not straightforward. Many parameters come into play and some evoke a chicken-and-egg dilemma. For instance, smallholders belonging to farmer associations can get higher prices for their FFB. If they are not associated, they cannot get RSPO-certified. Therefore, if some smallholders create a farmer association in order to get RSPO-certified, they might in turn be able to sell their FFB at higher prices through more powerful negotiations, although they do not actually get any direct premium for RSPO-certified FFB. The same chicken-egg story concerns the deforestation or slash-and-burn practices, as smallholders who deforested may be less prone to or not even eligible to enter RSPO certification. 
 For RSPO to become a norm, these examples highlight the need for RSPO to be pro-active in enrolling smallholders especially those in conditions where they are less prone to commit, i.e., where farmer associations do not exist or in deforestation front areas. In situations where environmental awareness is not widespread, the risks of deforestation and poor management practices are higher and the role of RSPO possibly more important.  
 In those critical contexts, in order to convince more smallholders to commit to RSPO, as well as more generally, RSPO should commit to make sure that a premium is paid directly to smallholders for certified FFB in order for them to get real incentives and the means to properly apply the P&Cs.  The impacts of RSPO in terms of agricultural management can be related to both upstream training on agriculture and downstream practices in the plantations. Trained smallholders were clearly more numerous in certified categories. Practices seemed to be positively influenced by RSPO certification, although some key parameters such as the choice of the planting material may have a baseline impact with wider influences than the direct ones of RSPO.  
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 For RSPO to become a norm, the importance of smallholders’ training should be reinforced and special extension programmes should be developed in order to widespread environmental awareness and training on best management practices. Training should concern not only smallholders themselves but also harvesters and other workers in the plantations. Such training programmes should be developed in coordination with academic institutions and possibly governmental authorities through the jurisdictional approach.  
 Given the critical role of the planting material choice, RSPO should be particularly active in training and potentially enrolling smallholders in areas where planting or re-planting are taking place. RSPO should become a more active actor in the promotion of good planting materials, including awareness programmes and scientific cooperation to develop varieties adapted to smallholders’ contexts. 
 In order to improve yields in smallholders’ plantations, RSPO can contribute through continuous improvements on detailed recommendations regarding best management practices and on specific guidelines. RSPO can also support the development of agroecological practices in smallholders’ plantations through collaborations with academic actors and NGOs in the field. Again, making sure that a premium for RSPO-certified FFB is paid directly to smallholders would provide more incentive to optimise the inputs/outputs in plantations and in turn motivate more smallholders to engage in RSPO.   
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Appendix: Questionnaire used for field surveys in 2019 
Topic Questions Timeframe Potential units/further comments Smallholder identity Name of the surveyed smallholder 2019  Age   Coordinates   Education  Education level in general + proved knowledge/diploma/training in agriculture and/or oil palm sector.  Family size  Wife/husband + number of children + other relatives living with the family Family member helping in the palm plantation  How many? Who? What for? Is there somebody in the family and/or in the village who has received a specific training in agriculture and/or oil palm management? 
 YES/NO 
Further details  Judged interesting by the surveyor or gathered during the interview Palm oil activities Oil palm plantation size At planting + 2018 Acre, ha If more than one block of plantation: all questions should be addressed separately for each block 
2018 YES/NO 
Date of planting  Year Previous land use  The vegetation before oil palm trees were planted: e.g. bare land, forest, used forest, shifting cultivation plot, rice, rubber….  How was the land cleared before planting palm trees?  Manually with machetes Manually with chainsaws Slash and burnt Other… Origin of seedlings: found in a plantation/bought/bought  It is important to identify the type of planting material used, in particular 
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to whom/own nursery developed…? if it might be selected or not (see fruit picture) Number of palm trees at planting  Nb palm trees total Number of palm trees  2018 Nb palm trees total Number of palm trees producing 2018 Nb palm trees producing (i.e. harvested at least once in 2018) Number of dead palm trees 2018 Nb palm trees dead Reason for palm tree death  If known Synthetic fertiliser inputs: YES/NO Immature phase (=first 3 years) YES/NO Synthetic fertiliser inputs:  YES/NO  2016+2017+2018 2017: YES/NO 2018: YES/NO 2019: YES/NO If yes (for all dates), ask for which products & which quantities Immature phase 2016+2017+2018 For all dates, specify the types and quantities of synthetic fertilisers: urea (kg/ha; kg/tree) (Di)Ammonium phosphate (Kg/ha; kg/tree) NPK (kg/ha; kg/tree): specify numbers N%P%K% MOP (kg/ha; kg/tree) KCl (kg/ha; kg/tree) Kieserite (kg/ha; kg/tree) Boron Dolomite … (those are examples, the list can be completed based on field reality) (take picture of the product labels to register all information) If any other synthetic fertiliser, ask for which products/which quantities Immature phase 2016+2017+2018 Further fertilisers (kg/ha; kg/tree) (take picture of the product labels to register all information) 
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Application mode for synthetic fertilisers: Manually/mechanically Around the palm circle/in the interrow/everywhere One time per year/split 2 or 3 times per year (total dose divided by 2 or 3) Before it rains/after it rains/no matter 
2018 Here, the surveyor needs to describe the field operations related to synthetic fertilisers. The aim is to understand the knowledge of the smallholder. For each question, there is a choice to be made, if the answer is not within these choices or is “it depends”, the surveyor needs to deepen the questions to understand what the decisive factors are. When asking about the splitting of fertiliser applications, it is important to make sure that the total quantities applied are consistent with the answers given about the quantity questions. Such deeper investigation can be used to cross check answers. Organic fertiliser inputs (e.g. palm empty fruit bunches, domestic organic waste, animal husbandry waste, etc.) 
Immature phase 2016+2017+2018 For all dates, specify the types, quantities and application frequency (e.g. once every year, every 3 years, when available…). In the case of an answer such as “when available”, try to identify an approximation of the frequency by asking more question about all applications in the past. All other products applied in the palm plantations (pesticides, other amendments…) 
Immature phase 2016+2017+2018 Describe the type of products, quantities, frequency of application, reasons for applications. (take picture of the product labels to register all information) Was there any problem in the plantation such as: Rats Ganoderma Defoliator (palms eaten) Very dry soil for several consequent weeks (at least 2-3 weeks) Floods/lot of water in the plot for several consequent weeks (at least 2-3 weeks) 
2016+2017+2018   YES/NO YES/NO (see picture) YES/NO YES/NO  YES/NO  YES/NO 
PROJECT REPORT                                                                          Bessou C., Chalil D., Barus R., Aumeras G. – August 2020 
36  
Fruits stolen Fire … 
YES/NO … 
Do you do pruning (cut palm leaves regularly)?: YES/NO At which frequency? 
2016+2017+2018 YES/NO   How many palm leaves cut how often? What is done with the cut leaves? 2016+2017+2018 Left in the plantation/brought and use outside of the plantation Do you pay workers for some tasks to be done in the plantation: Inputs application Pruning Mechanical weed control Harvest … 
2016+2017+2018    YES/NO (how often per year?) YES/NO (how often per year?) YES/NO (how often per year?) YES/NO (how often per year?) … Harvest and yield Date of the first harvests  Date (year) after planting when the harvests started. How frequent is the harvest? During low season: During peak season: 
2016+2017+2018 Every week, every two weeks, once in the month, other… The frequency may vary along the year (depending on low and peak seasons). As the harvest frequency is an important factor in determining the final yield, it is critical to understand the influencing factors conditioning it (time, money, expertise, etc.) On average, how many trees in the plot are harvested at each harvest time? During low season: During peak season: 
2016+2017+2018 Number of palm trees harvested (i.e. carrying fruit bunches) over the total number of trees in the harvested plot.  
On average how many fruit bunches (Fresh Fruit 2016+2017+2018 Usually around 1-3 bunches (FFB) per tree 
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Bunches = FFB) are cut per harvested palm trees? During low season: During peak season: What is the average weight of your harvested fruit bunch? 2016+2017+2018 kg, other weight units What is the yearly yield in fruit bunches? 2016+2017+2018 kg FFB/year for one plantation other units (potentially based on price paid by the intermediary/industry) This question should help to cross check the detailed answers to the previous questions To whom are the FFB sold? 2016+2017+2018 To some broker/storekeeper collecting FFB directly from various smallholders/to a farmer association/to another palm smallholder/to an industrial mill/other… The surveyor might investigate of the smallholder is handling some FFB transport to the buyer. At which price are FFB sold? 2016+2017+2018 The information on price may be more easily recorded by the smallholder (hence easier to get if there is sufficient trust from the smallholder). The price may help to crosscheck the information on the planting material. It may also be a good indicator of the supply chain organisation and constraints. How often are the FFB sold? Is there any delay between the harvest and the selling? How long? 
On average The idea is to understand if supply chain constraints may hamper the optimal harvest frequency and fruit selling. RSPO certification Are you RSPO certified?  YES/NO If no, why not?  Discuss reasons why not. If yes, since when?  Date 
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If yes, are you certified as individual or within a smallholder group?    What has it changed to become certified?  Discuss changes in general. What have you changed in your plantation management after you become certified? Why? 
 Discuss changes in particular in the plantation management (inputs, operations, harvest, etc.) 
What do you think about RSPO certification? Are there any specific criteria that you think are very important? 
 Discuss the actual application of RSPO P&Cs. 
What are the main advantages of RSPO P&Cs application?  Discuss the advantages of RSPO P&Cs. What are the main obstacles to implement RSPO?  Discuss the main problems for the application of RSPO P&Cs. Can you get a better price for your FFB since you are certified?  YES/NO  (How much is the difference if any?)   
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